Drug-induced parkinsonism (DIP) is a common cause of secondary parkinsonism. Fz, a derivative from cinnarizine represents one of the most common causes of DIP 1 . It is a calcium channel blocker which is frequently prescribed for vertigo, migraine prophylaxis and cerebrovascular insufficiency. The first case of fz-induced parkinsonism was reported in 1984 2 . From that moment, many related cases have been reported 1,3-8 . Apart from its calcium entry blocking properties, fz also has anti-histaminic, anti-serotoninergic and anti-dopaminergic properties. Because of the D2 receptor blocking activity 9 , fz can cause MDs including parkinsonism, orobuccolingual dyskinesia, dystonia, and akathisia 5, 10 . Previous case series showed that elderly women and history of essential tremor may probably serve as risk factors for the development of MDs 4, 5, 7, 11 . By comparing 24 cases of cinnarizine-induced parkinsonism with referred cases of Parkinson's disease, Santiago and colleagues concluded that aging and essential tremor were possible risk factors for the development of the drug side effects 4 . In a study comparing antipsychotics, Bezerra found that patients with fz or cinnarizine-induced parkinsonism (n = 47) were older 11 . Martí-Massó and colleagues reported that most cases of cinnarizine-induced parkinsonism (about 89%) were females 5 . However, such conclusions may be challenged because of the small study populations.
Scientific RepoRts | (2019) 9:1705 | https://doi.org/10.1038/s41598-018-37901-z Table 1 shows basic characteristics of study participants. The final analysis included 10,020 individuals. Of the overall participants, there were 288 cases of fz-related MDs and 9,732 uninfected individuals. 240 of the 288 cases developed parkinsonism while 48 had hyperkinesia syndrome. Patients with parkinsonism were older and had higher rates of essential tremor than were those with hyperkinesia and the controls. In addition, they were found to have received the highest dose of fz (mean cDDD = 210.79 ± 298.97) followed by patients with hyperkinesia (mean cDDD = 114.33 ± 204.30) and the controls (mean cDDD = 100.68 ± 213.72). Table 2 shows the risk factors for fz-related MDs using multivariate logistic regression analysis. Higher cDDD, older age (OR, 1.07; 95% CI, 1.06-1.09, p < 0.0001), history of essential tremor (OR, 6.39; 95% CI, 2.29-17.78, p = 0.0004), and baseline CVD (OR, 1.47; 95% CI, 1.14-1.9, p = 0.004) were associated with higher risk of fz-related MDs. Figure 1 displays the ROC curve used to predict MDs based on the cumulative defined daily dose (cDDD) of flunarizine. The area under the curve (AUC) was 0.67 (0.64-0.70) while the optimal predictive value was 58.5 (sensitivity = 0.67, specificity = 0.60). The ROC curve for the exposure duration and intensity showed an optimal predictive value of 98 days (sensitivity = 0.59, specificity = 0.67, AUC = 0.66) and 0.746 cDDD/day (sensitivity = 0.55, specificity = 0.55, AUC = 0.55). Table 3 shows the risk for MDs according to exposure, dose and duration of fz. In Model 1, higher cDDD of fz was associated with MDs after adjusting for sex, age, low-income, urbanization, and comorbidities. Compared with the reference group (Fz < 29.25 cDDD), the odds ratios were 3.80, 3.02, and 1.62 for cDDD ≥87.75, 58.5 ≤ cDDD < 87.75 and 29.25 ≤ cDDD < 58.5 (p < 0.05), respectively. The dose and duration of fz exposure were considered as independent variables in model 2. Longer exposure to fz was associated with increased risk of MDs. The ORs were 4.30, 3.39, 1.90 for exposures ≥147, 98 to <147 and 49 to <98 days, respectively (p < 0.05). However, the intensity of fz was not significantly related to the development of MDs. The ORs were 1.87, 1.07, and 0.63 for ≥1.12, 0.75 to <1.12, and 0.37 to <0.75 cDDD/day, p > 0.05. Table 4 shows the ORs for MDs stratified by cDDD, DM, and CVD. No obvious interaction was noted.
Results

Discussion
To our knowledge, this is the first nationwide study to identify risk factors associated with fz-related MDs. 83.3% of patients with MDs were those with parkinsonism. We found that higher total exposure dose, older age, essential tremor, and CVD were risk factors for MDs following exposure to fz. In this study, the duration of fz exposure was more important than the average daily dose.
In the current study, fz exposure showed a dose-dependent association with MDs. The OR for MDs were 3.80, 3.02 and 1.62 for ≥87.75 cDDD, 58.5 to <87.75 cDDD, and 29.25 to <58.5 cDDD, respectively (p < 0.05). MD risk was higher for longer exposure compared with the average daily exposure dose. Fz 58.5 cDDD was the optimal cutoff value (indicating 585 mg, sensitivity = 0.67, specificity = 0.60) while the duration of fz was 98 days (sensitivity = 0.59, specificity = 0.67). Previous case series have found positive associations between duration of fz or cinnarizine use and the development of parkinsonism 5, 10, 11 . The average onset of MDs ranges from 6-48 months following exposure to fz or cinnarizine 4, 9, 10 . Fz or cinnarizine use for more than 6 months can block more D2 receptors and ultimately lead to MDs 9 . In addition to the D2 receptor blocking agent, loss of tyrosine hydroxylase in monoaminergic presynaptic neuron may lead to dopamine deletion and can cause MDs 4, 5, 7 . Our study has not only demonstrated a dose-response effect but has also shown that duration of exposure is a key element to consider when assessing the risk of MDs. Unlike the duration of fz, its intensity was not strongly associated with MD. This may be due to the relatively narrow ranges of the daily prescription doses in clinical practice (usually 5 or 10 mg daily).
Increased risk of fz-related MDs was associated with essential tremor (OR, 6.39; 95% CI, 2.29-17.78, p = 0.0004). Essential tremor had a stronger association with fz-related parkinsonism than hyperkinesia. Based on previous literature, a family history of essential tremor or Parkinson's disease might be a risk factor for fz or cinnarizine-induced parkinsonism 4, 12 . About 12.5-38.5% of patients with fz or cinnarizine-induced parkinsonism had a history of essential tremor 4, 7 . Both authors speculated that essential tremor results from neurotoxicity of fz on a background inherited predisposition 4, 12 . Because idiosyncratic vulnerability has been observed in clinical practice, genetic factors are also thought to be involved in the development of drug-induced parkinsonism 3, 6, 13, 14 . In this study, the outcome included Parkinson's disease (identified using the ICD-9-CM code), a known condition that is linked with essential tremor 15 . Essential tremor has been associated with increased risk of idiopathic Parkinson's disease (IPD) although the pathophysiology is not fully understood 15 . We included ICD-9-CM code of Parkinson's disease for two reasons. First, it is hard to distinguish between fz-induced parkinsonism and idiopathic Parkinson's disease (IPD) based solely on clinical criteria [3] [4] [5] [6] [7] . Miguel and colleagues reported that 43% (13/30) of patients with fz-induced parkinsonism had a clinical pattern similar to IPD patients 16 . The dopaminergic treatment was effective. Clinicians may misclassify fz-induced parkinsonism as IPD. Second, several lines of evidence showed that patients with fz or cinnarizine-induced parkinsonism were not fully recovered after stopping medications while others ultimately developed IPD 5, 7 . Based on our data, essential tremor may be related to fz-induced parkinsonism. More investigations are needed to clarify these findings.
Age was another significant risk factor for the fz-induced MDs (OR, 1.073 per 1-year increase in age; 95% CI, 1.06-1.086, p < 0.0001). Fz-related MDs have been reported mainly in elderly patients 4, 9, 11 . Side effects should be considered when prescribing fz to elderly patients. Most studies have shown that fz or cinnarizine-induced MDs occur mainly in women 5, 10, 11 . Such findings do not align with those presented in this study. The differences may be due to ethnic variation as observed in patients with IPD 17 or neuroleptic-induced MD 18 . We also found an association between CVD and fz-related MDs. Atherosclerosis and IPD share a common pathophysiology 19 . CVD is also associated with cerebral small-vessel disease, a known factor that increases the 20 . In this study, there was no interaction between CVD and cumulative dose of fz (Table 4 ). More investigations would help to clarify this association, as well as the possible mechanism.
In contrast to previous studies, the current study takes advantage of a large dataset, being able to identify over 200 cases of flunarize-induced motor side effects. Besides the sample size, another study strength includes a careful definition of exposure and outcomes. Some of the previous studies have focused mainly on the demographics of fz or cinnarizine-related MDs without including a control group 5, 7 . Other studies included cases with IPD or antipsychotic-induced parkinsonism 4, 11 . All of these studies have made use of small sample sizes. This study had some limitations. First, the NHIRD does not contain clinical data. Some of the patients may have been wrongly classified. For example, patients who had other secondary parkinsonism syndromes such as progressive supranuclear palsy, or those that had clinical presentations before the index date but never sought medical advice. However, most of the diseases or drugs that may cause parkinsonism, dyskinesia or dystonia were excluded from this study. Although no clinical information was available in the database, our study design probably helped to minimize possible biases. Second, some authors have considered clinical improvement after drug withdrawal as one of the diagnostic criteria of DIP 5 . This information was not also available in the NHIRD. However, some researchers found that patients would not fully recover after being exposed to fz and some patients ultimately have been diagnosed with IPD 5, 7, 21 . Therefore, it is wise not to consider clinical improvement as one of the criteria for diagnosis of fz-related MDs.
In conclusion, fz-related MDs are associated with a high-dose exposure, longer exposure duration, older age, history of essential tremor, and CVD. Fz is frequently prescribed for vertigo, migraine prophylaxis and cerebrovascular blood flow insufficiency. When considering long-term use (e.g. more than 3 months), physicians should weigh the efficacy and adverse effects of the drug. To determine the dose-response effect, the defined daily dose (DDD) of fz (10 mg per day, determined by the World Health Organization collaborating center) was used. The cumulative DDD (cDDD) was calculated as the total exposure dose divided by the DDD. Duration was defined as the total number of days for the prescription. Drug intensity was determined as cDDD divided by duration, indicating the average daily prescribed dose.
Materials and Methods
Data
Definition of Outcomes. Fz-related MDs were defined as a diagnosis of parkinsonism (ICD-9-CM 332.0, 332.1), or hyperkinesia including dyskinesia or symptomatic dystonia (ICD-9-CM 333.90, 333.99, 333.7 and 333.8) from the index date to 3 months after discontinuation of fz. All patients were followed until December 2011, death, or 3 months after discontinuation of fz.
Possible confounders included sex, age, low-income, urbanization, and co-morbidities (Diabetes mellitus (DM, ICD-9-CM: 250), chronic kidney disease (CKD, ICD-9-CM: 585), severe liver dysfunction (ICD-9-CM: 572.2, 571.5, 572.2-572.4), history of essential tremor (ICD-9-CM: 333.1), history of other movement disorders (ICD-9-CM: 333.2, 333.3, 333.5, 333.6), and CVD (ICD-9-CM: 410-414, 433, 444).
Statistical Analysis. Data were analyzed using the SAS software. Student's t-test was used to compare the mean difference among groups while chi-square test was used for the nominal variables. The ORs and 95% confidence interval (CI) were estimated using logistic regression models. P value < 0.05 was considered statistically significant. The receiver operating characteristic (ROC) curve was used to predict MDs based on cDDD, duration and intensity of fz. These variables were further divided into four categories. The interval for each group was equal to half of the optimal predictive value.
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